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Objective. To analyze the attitude of neurosurgeons to the technology of enhanced recovery after spine and spinal cord surgery in the Rus-

sian Federation.

Material and Methods. In March 2022, a continuous cohort comparative sociological study was conducted among 83 neurosurgeons 

of the Russian Federation, during which they were asked to fill out a specially designed online questionnaire consisting of 22 questions 

on the Google Forms platform.

Results. The vast majority of respondents (95.2 %) noted the lack of information in the Russian literature on the technology of enhanced 

recovery after surgery (ERAS). Nevertheless, most neurosurgeons, regardless of specialization, are familiar with the terms “fast track” 

(79.5 %) and “ERAS” (60.2 %). Only 44.6 % of specialists declared the implementation of ERAS recommendations into their daily clini-

cal practice, while 78.3 % of neurosurgeons draw attention to the existence of problems that hamper adoption of enhanced recovery pro-

tocols (ERP) in Russia. The interviewed respondents are confident that it is possible to introduce ERP into spinal neurosurgery in adults 

(91.6 %) and children (85.5 %) in Russia. Every second respondent (50.6 %) considers it possible to directly extrapolate foreign ERP 

into clinical practice in Russian healthcare. Spinal neurosurgeons are more aware of ERAS than cerebral neurosurgeons (p = 0.017), and 

they also more often use elements of ERAS in their clinical practice (p = 0.002). In other parameters, the respondents did not differ sig-

nificantly depending on their specialization. Only 7.2 % of interviewed neurosurgeons work in private clinics. All of them are engaged in 

spinal surgery and introduce the ERAS technology into their clinical practice. Less than half (40.0 %) of neurosurgeons in public clinics 

implement elements of the ERAS (p = 0.007). More than half (69.7 %) of specialists and every second manager consider the introduc-

tion of ERAS in a neurosurgical clinic to be progressive, and only a few of them (3.6 %), on the contrary, believe that the quality of medi-

cal care may decrease with the introduction of ERAS. Neurosurgeons (n = 13) identified 7 clinics of the Russian Federation, where the 

enhanced recovery protocol after spine surgery is implemented. In total, according to the results of the study, 23 elements of the ERAS 

protocol are implemented in the practice of respondents (n = 20) in the conditions of Russian healthcare.

Conclusions. Despite the lack of publications in the Russian literature and the existing organizational problems in the context of domestic 

healthcare, neurosurgeons have a positive attitude towards the introduction of ERAS protocol into clinical practice. This protocol or its 

individual elements are already successfully implemented in a group of clinics in Russia.
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The technology of enhanced recovery 
after surgery, better known globally as 
fast track or Enhanced Recovery after 
surgery (ERAS), is an advanced idea of 
perioperative management of patients 
in various surgical branches. The Danish 
professor Kehlet et al. [1] was the first to 
publish the outcomes of its introduction 
into clinical practice in 1997. Nowadays, 
the abbreviation ERAS is generally 
accepted in English-language literature, 
and in Russian literature, the enhanced 
recovery or restoration program (ERP) 
is more often mentioned [2, 3].

By definition, ERAS are guidelines for 
the perioperative management of surgi-
cal patients under evidence-based medi-
cine (https://erassociety.org/guidelines). 
These guidelines were created and imple-
mented in clinical practice all over the 
world by the ERAS® Society (https://
erassociety.org), established in 2010 [3]. 
Since then, over 9,000 papers on ERAS 
in various areas of surgery have been 
published in 18 languages, with over 33 
thousand authors from 91 countries par-
ticipating [4].

Despite the considerable amount of 
evidence supporting the effectiveness 

of enhanced recovery after surgery in 
many branches, a little over 100 stu-
dies on ERAS in spine surgery have been 
published since 2014, according to 
the PubMed database [3], and the first 
ERAS® Society guidelines for spine sur-
gery appeared in 2021 [5]. According to 
the eLibrary database, only a few articles 
on enhanced recovery after spine sur-
gery have been published in the Russian 
literature to date [3, 6–10]. In this regard, 
the objective is to analyze the attitude 
of neurosurgeons towards the technol-
ogy of enhanced recovery after spine 
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and spinal cord surgery in the Russian 
Federation.

The design of the study is cohort and 
comparative. The level of study evidence 
is 3b.

Material and Methods

A continuous cohort comparative soci-
ological study was performed in March 
2022 among 83 Russian neurosurgeons 
and vertebrologists. The questionnaire 
developed by the team of authors is 
based on the questionnaire used in a 
similar European study [11]. It was post-
ed freely on the Google Forms platform. 
The study questionnaire was distribut-
ed through specialized neurosurgical 
groups in messengers as well as private-
ly through representatives of various 
Russian neurosurgical hospitals. The 
majority of the questions were closed-
ended with one answer option, as well 
as open-ended (n = 2) and with the 
option to select several answers (n = 3). 
Totally, the questionnaire included 22 
questions in two blocks: demographic 
and professional data on respondents, 
as well as an evaluation of the status and 
prospects for the development of ERAS 
in Russia. 

The data was analyzed using the IBM 
SPSS Statistics 23 statistical software. 
The results are given as a proportion (%). 
Pearson’s chi-squared test was used for 
comparative data analysis. The differ-
ences were considered statistically sig-
nificant at p < 0.05. Cramer’s V was used 
to estimate the strength of the associa-
tion. The interpretation of the results was 
done according to the guidelines of Rea 
& Parker [12].

Results

Demographic and professional 
characteristics of respondents
Participants in the sociological survey 
(Table 1) were mostly men (86.7 %) 
aged 30 to 40 years (42.2 %). 88.0 % of 
respondents work as neurosurgeons, 
mainly in public hospitals (92.8 %), 
with work experience in the specialty 
up to 20 years (85.5 %). The majority of 
surgeons are members of one or another 

occupational association (78.3 %). The 
interviewed specialists represent all 
federal districts of the Russian Federation 
and work mainly in the Central (36.1 %) 
and Volga (32.5 %) federal districts. 12 % 
of them are executives. 65.1 % consider 
themselves practicing spine surgeons, 
and 32.5 % of respondents are involved 
in the surgical treatment of children 
suffering from spinal pathology.

State of the art of ERAS 
technology in Russia
The overall majority of respondents 

(95.2 %) point out the lack of data in the 
Russian literature on enhanced recovery 
after surgery. Nonetheless, the majority 
of neurosurgeons, regardless of special-
ization, are familiar with the terms “fast 
track” (79.5 %) and “ERAS” (60.2 %).

A total of 44.6 % of specialists stated 
that they implemented ERAS guidelines 
in their daily clinical practice (Fig. 1). 
Meanwhile, 78.3 % of neurosurgeons 
point to the presence of challenges to 
the implementation of enhanced recov-
ery protocols (ERP) in Russia. However, 
the respondents are confident that it is 
feasible to introduce ERP into spine neu-
rosurgery for adults (91.6 %) and chil-
dren (85.5 %) in Russia. Every second 
respondent (50.6 %) believes it possible 
to directly extrapolate foreign guide-
lines for enhanced recovery into clini-
cal practice within the scope of Russian 
healthcare.

Spine neurosurgeons are more aware 
of ERP compared to cerebral ones 
(p = 0.017) and also more often apply 
elements of enhanced recovery technol-
ogy in their clinical practice (p = 0.002). 
In terms of other parameters, the respon-
dents did not differ significantly depend-
ing on their specialization (Table 2).

Only 7.2 % of neurosurgeons work in 
private hospitals. They are involved in 
spine surgery and implement the tech-
nology under consideration into their 
clinical practice. Speaking of neurosur-
geons in public hospitals, less than half 
(40.0 %) implement ERP elements (p = 
0.007).

More than half (69.7 %) of special-
ists and every second medical officer 
consider the introduction of technol-
ogy in a neurosurgical clinic to be pro-

gressive, and only a few of them (3.6 %) 
believe that the quality of medical care 
may decrease with the implementation 
of ERAS (Fig. 2).

Elements of the ERAS protocol
Totally, according to the results of 

the conducted study, 23 elements of the 
ERAS protocol are being implemented 
in the practice of respondents (n = 20) 
in the conditions of domestic health-
care (Fig. 3). Neurosurgeons (n = 13) 
pointed out 7 hospitals in Russia, where 
enhanced recovery after surgery is being 
implemented:

• The Central Clinical Hospital of the 
Administrative directorate of the Presi-
dent of the Russian Federation (Moscow);

• N.N. Burdenko National Medi-
cal Research Center of Neurosurgery 
(Moscow);

• N.N. Priorov National Medical 
Research Center of Traumatology and 
Orthopedics (Moscow);

• V.A. Almazov National Medical 
Research Center (Saint Petersburg);

• I.P. Pavlov First Saint Petersburg State 
Medical University (Saint Petersburg);

• Privolzhsky Research Medical Univer-
sity (Nizhniy Novgorod);

• Clinical Hospital “Russian Railways-
Medicine” (Irkutsk).

Discussion

As far as we know, this is the first study 
in the Russian Federation, the second 
in Europe [11], and the third in the 
worldwide English-language literature 
[13] to investigate neuro and spine 
surgeons’ opinions and knowledge of 
the technology of enhanced recovery 
after surgery (ERAS) in neurosurgery in 
general and surgery of the spine and 
spinal cord in particular (Table 3).

The results of the study demonstrate 
that Russian neurosurgeons are well 
aware of the technology of enhanced 
recovery after surgery. Almost every sec-
ond specialist already implements ele-
ments of this technology in their practice. 
Our data are fully compatible with the 
results of our European [11] and Ameri-
can colleagues [13]. Despite the lack of 
data on ERAS technology in the Russian 
literature, according to the majority of 
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respondents, surgeons (63.9 %), regard-
less of their area of expertise, and their 
officers (50.0 %) are confident that the 
technology advances patient surgical 
care and raises the standard of health-
care. The obtained information corre-
sponds to that obtained in the European 
study (63.7 % and 62.0 %, respectively) 
[11]. Nevertheless, it is worth drawing 
attention to the fact that domestic health 
care managers, apparently, are less aware 
of the advantages of introducing this 
technology into clinical practice.

ERAS and Cerebral Neurosurgery
Till recently, it was considered that 

ERAS guidelines were implemented in 
practice only in spinal neurosurgery [11, 
14–16]. Moreover, it is somewhat more 
common in the USA (62.2 %) [13], com-
pared with European countries (47.5 %) 
[11]. In cerebral neurosurgery, the prac-
tical implementation of ERP is consider-
ably lower (17.3 % [13] – 18.3 % [11]). 
However, a detailed review of the world 
literature for recent years has revealed 
a considerable rise in articles on cere-
bral surgery. The surgical management of 
hemifacial spasm [17], tumors of the chi-
asmal cell region [18, 19], cerebral aneu-
rysms [20, 21], gliomas [22, 23], tumors 
of supra- and subtentorial localization 
[14, 24, 25], as well as general planned 
craniotomies [15, 26, 27] are all described 
in these papers as having been done in 
accordance with ERAS guidelines. Nowa-
days, a number of review articles on the 
use of enhanced recovery after surgery 
technology in cerebral surgery have been 
published in the English-language liter-
ature [16, 28–30], and in 2022, several 
systematic reviews on this issue were 
published [31–33]. 13 original articles 
on cerebral neurosurgery and 22 origi-
nal articles on spine neurosurgery were 
found in a systematic review by Fiani et 
al. [34] that was published in 2022. As for 
Russian neurosurgery, according to the 
eLibrary database, we managed to find 
the only paper describing the anesthetic 
aspects of enhanced recovery after sur-
gery in cerebral neurosurgery [35].

ERAS and spinal neurosurgery
According to our research’s find-

ings, more than a half of respondents 
(65.1 %) at the age of 30 to 50 consider 

themselves to be practicing spine sur-
geons. Our data confirm the findings 

of the European study, which showed 
that spine neurosurgeons, compared 

Table 1

Demographic and professional features of respondents

Parameters Respondents, n (%)

Age

Under 30 years old 29 (34.9)

30–40 years old 35 (42.2)

40–50 years old 14 (16.9)

Over 50 years old 5 (6.0)

Gender

Male 72 (86.7)

Female 11 (13.3)

Specialty

Neurosurgeon 72 (86.7)

Traumatologist 10 (12.0)

Traumatologist and neurosurgeon 1 (1.3)

Work experience in the specialty

Under 5 years 32 (38.6)

5–10 years 19 (22.8)

10–20  years 20 (24.1)

Over 20 years 12 (14.5)

Are you a member of a professional association?

Association of neurosurgeons of Russia/ WSSFN/ EANS/ AANS 44 (53.0)

Association of spine surgeons of Russia / AO SPINE 29 (34.9)

Association of pediatric neurosurgeons of Russia/ISPN 2 (2.4)

Association of traumatologists of Russia (ATOR)/SICOT 2 (2.4)

Other (SRS/ РОХ/ РАДХ/ RAYNS/ ESSFN) 4 (4.8

No membership in professional associations 18 (21.7)

In which district of the Russian Federation do you work?

Central federal district 30 (36.1)

Northwestern federal district 13 (15.7)

Southern federal district 2 (2.4)

North Caucasian federal district 2 (2.4)

Volga federal district 27 (32.5)

Ural federal district 1 (1.2)

Siberian federal district 6 (7.3)

Far Eastern federal district 2 (2.4)

Your current position

Resident 7 (8.4)

Certified specialist 66 (79.6)

Head of a clinic/unit 10 (12.0)

Main sphere of practice

Public institution 77 (92.8)

Private clinic 6 (7.2)

Are you a practicing spinal surgeon?

Yes 54 (65.1)

No 29 (34.9)

Do you operate on children with spinal pathology?

Yes 27 (32.5)

No 56 (67.5)
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with cerebral ones, are more informed 
regarding the technology of enhanced 
recovery after surgery and are consider-
ably more likely to fulfil the elements of 
these guidelines in their clinical practice 
(47.5 % vs 18.3 %; p < 0.001) [11].

Generally, only half of Russian 
(57.4 %) and European (47.5 %) spine 
surgeons put into practice the elements 
of enhanced recovery after surgery. This 
can be explained by the fact that the 
technology was just recently imple-
mented [1]. It caused the first articles 
on ERAS in spine surgery to appear in 
2014 [3, 8, 36] and the first ERAS guide-
lines for spine surgery to be approved 
by the ERAS® Society only in 2021 [5]. 
All of this is connected to several orga-
nizational difficulties with the use of 
technology in clinical practice.

Russian specialists are convinced that 
it is feasible to introduce ERAS in Rus-
sia into spinal neurosurgery in adults 
(91.6 %) and children (85.5 %). As a result, 
in light of the findings presented, it is 
crucial to validate the international 

guidelines and create clinical recom-
mendations for the implementation 
of ERP in neurosurgery concerning 
the best techniques used by Russian 
abdominal surgeons [37].

As mentioned above, according to 
the survey of respondents, 7 hospi-
tals in Russia are already implement-
ing the technology of enhanced recov-
ery after surgery in spine surgery. As 
far as we know, in most cases, this is 
due to the procurement system in the 
hospital that regulates the elements of 
perioperative management of patients 
(preventive antibiotics, admission to 
the hospital, algorithms for pain relief, 
etc.). According to the model adopted 
in Western clinics, ERAS technology is 
being implemented at the Clinical Hospi-
tal «Russian Railways-Medicine» (Irkutsk), 
where the developed guideline (pro-
gram) of enhanced recovery has been 
approved and completely implemented 
in clinical practice [7].

ERAS and pediatric neurosurgery
At the time of writing this paper, we 

manager to find only a small number of 
articles on the use of enhanced recov-
ery technology in pediatric neurosur-
gery. Existing works are dedicated to 
the use of ERAS in spinal surgery [8, 38], 
namely in surgery of scoliotic deformi-
ties of spine [36, 39–48] and selective 
dorsal rhizotomy [49]. Published stu-
dies on enhanced recovery technology 
demonstrate the effectiveness and safety 
of its implementation in clinical prac-
tice in children. It decreases the number 
of complications and health care costs 
and helps to enhance the satisfaction of 
patients and their parents with the treat-
ment outcomes. [3, 5, 8, 38, 50–53].

We failed to find papers analyzing the 
professional opinion of pediatric neuro-
surgeons on ERAS in the world or domes-
tic literature. The only paper published 
in 2018 by Short et al. [54] describes a 
professional survey among 257 pediat-
ric surgeons. 68.4 % of them are famil-
iar with the enhanced recovery after 
surgery technology, but only 19.2 % of 
respondents put it into practice. The vast 
majority of pediatric surgeons have either 
implemented or are about to implement 
14 of the 21 suggested ERAS protocol ele-
ments (67 %). At the time of the survey, 
just over 10 % of surgeons were unsure 
or unwilling to implement the remain-
ing 7 elements into their surgical practice 
(restriction of mechanical preparation 
of the intestine; minimization of preop-
erative fasting and the use of nasogastric 
probes; thromboembolism prevention; 
the use of a standard anesthesia guide-
line, including conduction anesthesia; 
normovolemia; and the use of insulin 
to control severe hyperglycemia in the 
intensive care unit).

Among the respondents to our study, 
85.5 % of surgeons believe it is feasible to 
implement the technology of enhanced 
recovery after surgery in children in Rus-
sia. Meanwhile, 32.5 % of neurosurgeons 
aged 30 to 50 years (74.0 %) are involved 
in the surgical treatment of children with 
spinal pathology. The vast majority of 
pediatric neurosurgeons are acquaint-
ed with the terms “fast track” (92.6 %) 
and “ERAS” (66.7 %). According to the 

Medical 
residents 
(n = 7)

28.6 %

71.4 %

79.3 %

45.5 %
48.1 %

38.9 %

20.7 %

61.1 %

44.6 %

54.5 %
55.4 %

50.0 % 50.0 %
51.9 %

Pediatric 
neurosurgeons

(n = 27)

Spinal 
neurosurgeons

(n = 53)
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neurosurgeons

(n = 29)

Adult 
neurosurgeons

(n = 56)

Specialists
(n = 66)

Executives
(n = 10)

Apply ERAS in practice  Do not apply

Fig. 1
Practical implementation of ERAS technology in clinical practice: the opinion of 
neurosurgeons of various groups and specializations
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majority of pediatric specialists (77.8 %), 
the implementation of ERAS will cause 
improvement of treatment outcomes or 
considerable changes in treatment strat-
egy, and in practice, already more than a 
half of pediatric neurosurgeons (55.6 %; 
p = 0.005) fulfil the elements of ERP 
(Fig. 1). According to the results of our 
study, there is a higher understanding 
and practical implementation of ERAS 
protocols compared to the data obtained 
in 2018 by Short et al. [54]. This could be 
attributed to the advancement of current 
research as well as the dynamic imple-
mentation of protocols for enhanced 
recovery after surgery in clinical practice 
in recent years.

Challenges and perspectives 
of ERAS development in Russia
The majority of neurosurgeons 

(78.3 %) consider that there are hard 
problems in implementing ERP in Russia. 
During the survey, respondents (n = 30) 
gave specific suggestions and identified 
challenges limiting the development of 
ERAS in our country. They can be sub-
divided into legal (development of clini-
cal recommendations) and organization-
al. The latter include technical support 
and the purchase of surgical hardware; 
administrative support; reorganization of 
outpatient care; succession at the stages 
of medical care; preoperative prepara-
tion of patients; training of specialists in 

ERAS technology, perioperative rehabili-
tation. American neurosurgeons [13], in 
turn, reported hardships with adapta-
tion to the protocols of the medical staff 
of multidisciplinary institutions, integra-
tion of electronic medical records, mul-
tidisciplinary disagreements, and practi-
cal realization of protocols by different 
specialists. In their study, 69.5 % of sur-
geons stated that the creation and prac-
tical application of ERAS protocols were 
accomplished through the collaborative 
efforts of multiple units, including neuro-
surgery and the anesthetic unit. 

In our study, less than 10 % of neuro-
surgeons are employed in private medi-
cine. However, all of them implement 

Table 2

Results of a survey of spinal neurosurgeons in the general cohort

Parameter Spinal neurosurgeons 

(n = 54)

Cerebral neurosurgeons 

(n = 29)

p Cramer's V/strength  

of association

Gender

0.013 0.274/moderateMale 51 (94.4 %) 21 (72.4 %)

Female 3 (5.6 %) 8 (27.6 %)

Are you familiar with the fast track concept?

0.545 0.066/weakYes 44 (81.5 %) 22 (75.9 %)

No 10 (18.5 %) 7 (14.1 %)

Place of work

0.062 0.205/moderatePrivate clinic 6 (11.1 %) 0 (0.0 %)

Public clinic 48 (88.9 %) 29 (100.0 %)

Are you familiar with the ERAS concept?

0.017 0.263/moderateYes 38 (70.4 %) 12 (41.4 %)

No 16 (29.6 %) 17 (58.6 %)

Are the terms fast track and ERAS synonymous?

0.170 0.151/weakYes 30 (55.6 %) 11 (37.9 %)

No 24 (44.4 %) 18 (62.1 %)

Application of enhanced recovery technology in practice

0.002 0.335/moderateYes 31 (57.4 %) 6 (20.7 %)

No 23 (42.6 %) 23 (79.3 %)

Is it possible to directly extrapolate foreign protocols into the clinical practice of domestic healthcare?

0.756 0.034/none
Yes 26 (48.1 %) 15 (51.7 %)

No 28 (51.9 %) 14 (48.3 %)

Are there any problems that hinder the implementation of ERAS protocols in Russia?

0.471 0.079/noneYes 41 (75.9 %) 24 (82.8 %)

No 13 (24.1 %) 5 (17.2 %)

Opinion on ERAS technology

0.870 0.123/weak

Progress 34 (62.9 %) 18 (62.1 %)

Decrease in quality 2 (3.7 %) 0 (0.0 %)

Minor tactics changes 6 (11.1 %) 4 (13.9 %)

Significant tactics changes 3 (5.6 %) 2 (6.9 %)

Difficult to answer 9 (16.7 %) 5 (17.2 %)
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Fig. 2
Attitude towards the implementation of ERAS technology into clinical practice: the opinion of neurosurgeons of various groups and 
specializations

Fig. 3
Consolidated protocol of applied elements of enhanced recovery after surgery in neurosurgical clinics of Russia
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ERAS in practice. Among neurosurgeons 
in public hospitals, statistically signifi-
cantly less than a half (40 %) implement 
the ERP elements. This is due to the 
liquidity of technology in neurosurgery 
[13, 19, 34, 36, 39, 40, 49, 55–58] and 
in other surgical industries that makes 
it highly demanded for private medi-
cine. In turn, Corniola et al. [11] did not 
discover any distinctions in relation to 
ERAS and the implementation of the pro-
gram in private and public medicine in 
Europe. It may be associated with dif-
ferent models of healthcare financing in 
Russia and European countries. Addition-
ally, the funding model and the demands 
of the inspection structures may limit 
the implementation of ERAS. An earli-
er discharge may be connected with a 
lower payment for a case of treatment, 
resulting in lower incomes for the hos-
pital and also increasing the burden on 
the outpatient unit, which is not always 
cost-efficient for hospitals in the current 
situation. This provision requires revision 
and discussion by healthcare managers, 
since ERAS has repeatedly demonstrated 
its economic efficiency

Studies on satisfaction with the imple-
mentation of enhanced recovery tech-
nology in neurosurgery have shown high 
rates of approval of ERAS by medical 

staff [13, 58], patients and their parents 
[6, 13, 21, 32–34, 41, 57–60]. Thus, the 
mean satisfaction of medical staff with 
the introduction of ERAS was 4.00 ± 0.81 
points on the 5-point Likert scale [13]. 
In endoscopic pituitary surgery in the 
ERAS group, patient satisfaction on the 
Likert scale was 9.7/10.0 points [18], in 
aneurysm surgery – 95.0 % vs 76.9 % 
(p = 0.003) [21], and overall, there is a 
high level of satisfaction with planned 
craniotomies [60]. According to Liu et al. 
[60], the age of the patient, prevention of 
nausea and vomiting, the application of 
an absorbable subcuticular suture and a 
shorter hospital stay were separate pre-
dictors of overall patient satisfaction. The 
authors remark that careful follow-up 
after discharge can boost patients’ sense 
of safety. Patients value the sequential 
transmission of data as well as profes-
sional support when participating in the 
ERAS program. It is important to reward 
the active participation of patients 
in treatment and teach them to take 
responsibility for their own enhanced 
recovery [60].

Limitations and perspectives 
of the study
The study conducted has several 

limitations:

• low representativeness of the sample 
by the number of respondents (less than 
5 % of Russian neurosurgeons);

• technical, time and social restrictions 
on the free distribution of the question-
naire, which cause the predominance of 
experts from the Central and Volga Fed-
eral Districts.

Despite these limitations, studies pro-
vide significant primary information on 
the state of enhanced recovery technol-
ogy in spinal neurosurgery in the Russian 
Federation.

We expect that the proven effective-
ness and safety of ERP, its cost-efficien-
cy, the high satisfaction of patients and 
medical staff, as well as the positive expe-
rience of its implementation in the con-
ditions of Russian healthcare in abdomi-
nal surgery, will promote further highly 
evidence-based studies. We also hope 
that it will support healthcare managers 
in making decisions on the implementa-
tion of enhanced recovery technology in 
adult and child neurosurgery in terms of 
domestic neurosurgery.

Conclusion

Despite the lack of papers and the exist-
ing organizational challenges in the con-
ditions of Russian healthcare, neurosur-

Table 3

Comparative chart of research results of the professional community of neurosurgeons on ERAS technology in different countries

Parameters Authors of the present article Corniola et al. [12] Agarwal et al. [14]

Year of study 2022 2019–2020 2021

Country Russia Europe countries USA

Number of respondents 83 234 39

Representatives of private medicine 7.2 % 22.6 % No data

Number of questions in the questionnaire 22 9 15

Familiar with ERAS technology 79.5 % 45.3 % No data

Practical implementation of ERAS: in general; cerebral/spinal 

surgeons

44.6 %;

20.7 %/57.4 % 

(p = 0.002)

35.9 %;

18.3 %/47.5 % 

(p < 0.0001)

58.9 %;

no data

Practical implementation of ERAS: private/public medicine 100.0 %/40.0 % 45.3 %/33.1 % No data

Satisfaction of medical staff with the implementation of ERAS No data No data 4.00 ± 0.81 (n = 22)  

on a 5-point Likert scale

Number of specialists/executives who consider ERAS  

to be an advance in the surgical treatment of patients

63.7 %/50.0 % 63.9 %/62.0 % No data



80
General issue

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(2):73–84 

A.P. Saifullin et al. Enhanced recovery after spine surgery

1. Kehlet H. Multimodal approach to control postoperative pathophysiology and reha-

bilitation. Br J Anaesth. 1997;78:606–617. DOI: 10.1093/bja/78.5.606.

2. Ljungqvist O. Enhanced recovery after surgery and the ERAS® Society. J. Pancreatol. 

2019;2:65–68. DOI: 10.1097/JP9.0000000000000025.

3. Sayfullin AP, Aleynik AYa, Bokov AE, Israelyan YuA, Mlyavykh SG. Enhanced 

recovery after surgery (ERAS) in spine surgery: a systematic review. Russian journal of 

neurosurgery. 2022;24(1):83–100. DOI: 10.17650/1683-3295-2021-24-1-83-100.

4. Li C, Cheng Y, Li Z, Margaryan D, Perka C, Trampuz A. The pertinent literature of 

enhanced recovery after surgery programs: a bibliometric approach. Medicina (Kaunas). 

2021;57:172. DOI: 10.3390/medicina57020172.

5. Debono B, Wainwright TW, Wang MY, Sigmundsson FG, Yang MMH, Smid-

Nanninga H, Bonnal A, Le Huec JC, Fawcett WJ, Ljungqvist O, Lonjon G, 

de Boer HD. Consensus statement for perioperative care in lumbar spinal fusion: 

Enhanced Recovery After Surgery (ERAS®) Society recommendations. Spine J. 

2021;21:729–752. DOI: 10.1016/j.spinee.2021.01.001.

6. Nazarenko AG, Konovalov NA, Krut’ko AV, Zamiro TN, Geroeva IB, Gubaidul-

lin RR, Khoreva NE, Komarov AN, Stepanian MA, Konstantinova MV, Kazach-

onok AM, Onoprienko RA, Korolishin VA, Kubynina TN, Martynova MA. 

Postoperative applications of the fast track technology in patients with herniated 

intervertebral discs of the lumbosacral spine. Zh Vopr Neirokhir Im NN Burdenko. 

2016;80(4):5–12. DOI: 10.17116/neiro20168045-12.

7. Kalinin AA, Goloborodko VYu, Shepelev VV, Pestryakov YuYa, Biryuch-

kov MYu, Satardinova EE, Byvaltsev VA. Accelerated recovery program for patients 

with polysegmental degenerative lumbar spine disease. Sovrem Tekhnologii Med. 

2021;13(2):74–81. DOI: 10.17691/stm2021.13.2.09.

8. Saifullin AP, Bokov AE, Aleynik AY, Israelyan YuA, Mlyavykh SG. Enhanced 

recovery after surgery in pediatric spine surgery: systematic review. Hir. Pozvonoc. 

2021;18(4):6–27. DOI: 10.14531/ss2021.4.6-27.

9. Byvaltsev VA, Goloborodko VYu, Kalinin AA, Satardinova EE, Pestryakov 

YuYa, Shepelev VV, Biryuchkov MYu. Evaluation of the results of using the accel-

erated recovery program after performing two-level lumbar spinal fusion in patients 

of an older age group. Advances in Gerontology. 2020;33(5):964–971. DOI: 10.34922/

AE.2020.33.5.019.

10. Goloborodko VYu, Kalinin AA, Byvaltsev VA. Effectiveness of optimization pro-

gram of neuroanesthesia in surgical treatment of degenerative lumbar spine diseases 

in patients with high risk factors. Russian journal of anaesthesiology and reanimatol-

ogy. 2021;2:74–89. DOI: 10.17116/ anaesthesiology 202102174.

11. Corniola MV, Meling TR, Tessitore E. Enhanced recovery after spine surgery – 

a multinational survey assessing surgeons’ perspectives. Acta Neurochir (Wien). 

2020;162:1371–1377. DOI: 10.1007/s00701-020-04293-x.

12. Grjibovski AM. Analysis of nominal data (independent observations). Ekologiya Che-

loveka (Human Ecology). 2008;6:58–68.

13. Agarwal P, Frid I, Singer J, Zalatimo O, Schirmer CM, Kimmell KT, Agarwal N. 

Neurosurgery perception of Enhanced Recovery After Surgery (ERAS) protocols. J Clin 

Neurosci. 2021;92:110–114. DOI: 10.1016/j.jocn.2021.07.044.

14. Elayat A, Jena SS, Nayak S, Sahu RN, Tripathy S. Enhanced recovery after sur-

gery – ERAS in elective craniotomies – a non-randomized controlled trial. BMC Neurol. 

2021;21:127. DOI: 10.1186/s12883-021-02150-7.

15. Wang Y, Liu B, Zhao T, Zhao B, Yu D, Jiang X, Ye L, Zhao L, Lv W, Zhang Y, 

Zheng T, Xue Y, Chen L, Sankey E, Chen L, Wu Y, Li M, Ma L, Li Z, Li R, 

Li J, Yan J, Wang Sh, Zhao H, Sun X, Gao G, Qu Y, He S. Safety and efficacy 

of a novel neurosurgical enhanced recovery after surgery protocol for elective crani-

otomy: a prospective randomized controlled trial. J Neurosurg. 2018:130:1680–1691. 

DOI: 10.3171/2018.1.JNS171552.

16. Greisman JD, Olmsted ZT, Crorkin PJ, Dallimore CA, Zhigin V, Shlifer A, 

Bedi AD, Kim JK, Nelson P, Sy HL, Patel KV, Ellis JA, Boockvar J, Langer DJ, 

References

geons have a positive approach to the 
introduction of ERP into clinical practice. 
A group of Russian hospitals have already 
successfully introduced this guideline or 
its individual elements.

The implementation of technology is 
a logical outcome of the development 
of science and practice and reflects the 

development of approaches to the sur-
gical treatment of patients worldwide. 
Therefore, it is important to further 
develop the technology of enhanced 
recovery after surgery and to perform 
randomized multicenter studies in the 
Russian Federation.

The study had no sponsors.

The authors declare that they have no conflict of 

interest.

The study was approved by the local ethics commit-

tee of the institution.

All authors contributed significantly to the research 

and preparation of the article, read and approved 

the final version before publication.



General issue

81

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(2):73–84 

A.P. Saifullin et al. Enhanced recovery after spine surgery

D’Amico RS. Enhanced Recovery After Surgery (ERAS) for cranial tumor resection: 

a review. World Neurosurg. 2022;163:104–122.e2. DOI: 10.1016/j.wneu.2022.03.118.

17. Wang D, Fang J, Liu J, Hao Q, Ding H, Liu B, Liu Z, Song H, Ouyang J, Liu R. 

Improving recovery after microvascular decompression surgery for hemifacial spasm: 

experience from 530 cases with enhanced recovery after surgery (ERAS) protocol. Br J 

Neurosurg. 2021;35:486–491. DOI: 10.1080/02688697.2021.1888876.

18. Hughes MA, Culpin E, Darley R, McKinlay J, Nix P, Smedley A, Tyagi A, 

Sheikh A, Phillips N. Enhanced recovery and accelerated discharge after endoscopic 

transsphenoidal pituitary surgery: safety, patient feedback, and cost implications. Acta 

Neurochir (Wien). 2020;162:1281–1286. DOI: 10.1007/s00701-020-04282-0.

19. Pan X, Ma Y, Fang M, Jiang J, Shen J, Zhan R. Improvement in the quality of early 

postoperative course after endoscopic transsphenoidal pituitary surgery: description 

of surgical technique and outcome. Front Neurol. 2020;11:527323. DOI: 10.3389/

fneur.2020.527323.

20. Han H, Guo S, Jiang H, Wu X. Feasibility and efficacy of enhanced recovery after 

surgery protocol in Chinese elderly patients with intracranial aneurysm. Clin Interv 

Aging. 2019;14:203–207. DOI: 10.2147/CIA.S187967.

21. Liu J, Zhang K, Wang B, Hu Q, Zhang Q, Wan L, Wang X, Xiong W. Analysis of 

clinical effects of comprehensive nursing based on enhanced recovery after surgery 

in patients with embolization for intracranial aneurysms. Comput Math Methods Med. 

2022;2022:3026680. DOI: 10.1155/2022/3026680.

22. Wang Y, Xue YF, Zhao BF, Guo SC, Ji PG, Liu JH, Wang N, Chen F, Zhai YL, 

Wang Y, Xue YR, Gao GD, Qu Y, Wang L. Real-world implementation of neuro-

surgical enhanced recovery after surgery protocol for gliomas in patients undergoing 

elective craniotomy. Front Oncol. 2022;12:860257. DOI: 10.3389/fonc.2022.860257.

23. Liu B, Liu S, Wang Y, Lu D, Chen L, Zheng T, Ma T, Zhang Y, Gao G, Qu Y, He S. 

Impact of neurosurgical enhanced recovery after surgery (ERAS) program on health-

related quality of life in glioma patients: a secondary analysis of a randomized con-

trolled trial. J Neurooncol. 2020;148:555–567. DOI: 10.1007/s11060-020-03548-y.

24. Wu J, Zhang W, Chen J, Fei H, Zhu H, Xie H. Application of and clinical research 

on enhanced recovery after surgery in perioperative care of patients with supratento-

rial tumors. Front Oncol. 2021;11:697699. DOI: 10.3389/fonc.2021.697699.

25. Neville IS, Urena FM, Quadros DG, Solla DJF, Lima MF, Simoes CM, Vicen-

tin E, Ribeiro U Jr, Amorim RLO, Paiva WS, Teixeira MJ. Safety and costs ana-

lysis of early hospital discharge after brain tumour surgery: a pilot study. BMC Surg. 

2020;20:105. DOI: 10.1186/s12893-020-00767-y.

26. Qu L, Liu B, Zhang H, Sankey EW, Chai W, Wang B, Li Z, Niu J, Zhao B, Jiang X, 

Ye L, Zhao L, Zhang Y, Zheng T, Xue Y, Chen L, Chen L, Han H, Liu W, Li R, 

Gao G, Wang X, Wang Y, He S. Management of postoperative pain after elective cra-

niotomy: a prospective randomized controlled trial of a Neurosurgical Enhanced Recov-

ery after Surgery (ERAS) Program. Int J Med Sci. 2020;17:1541–1549. DOI: 10.7150/

ijms.46403.

27. Wang L, Cai H, Wang Y, Liu J, Chen T, Liu J, Huang J, Guo Q, Zou W. Enhanced 

recovery after elective craniotomy: A randomized controlled trial. J Clin Anesth. 

2022;76:110575. DOI: 10.1016/j.jclinane.2021.110575.

28. Hani U, Bakhshi SK, Shamim MS. Enhanced recovery after elective craniotomy for 

brain tumours. J Pak Med Assoc. 2019;69:749–751.

29. Hagan KB, Bhavsar S, Raza SM, Arnold B, Arunkumar R, Dang A, Gottumukka-

la V, Popat K, Pratt G, Rahlfs T, Cata JP. Enhanced recovery after surgery for onco-

logical craniotomies. J Clin Neurosci. 2016;24:10–16. DOI: 10.1016/j.jocn.2015.08.013.

30. Liu B, Liu S, Zheng T, Lu D, Chen L, Ma T, Wang Y, Gao G, He S. Neurosur-

gical enhanced recovery after surgery ERAS for geriatric patients undergoing elec-

tive craniotomy: A review. Medicine (Baltimore). 2022;101:e30043. DOI: 10.1097/

MD.0000000000030043.

31. Kapoor I, Mahajan C, Prabhakar H. Enhanced Recovery After Surgery (ERAS) 

for patients undergoing craniotomy: a systematic review. J Neurosurg Anesthesiol. 

2022;34:437–438. DOI: 10.1097/ANA.0000000000000764.

32. Peters EJ, Robinson M, Serletis D. Systematic review of enhanced recovery after 

surgery in patients undergoing cranial surgery. World Neurosurg. 2022;158:279–289. e1. 

DOI: 10.1016/j.wneu.2021.10.176.

33. Stumpo V, Staartjes VE, Quddusi A, Corniola MV, Tessitore E, Schroder ML, 

Anderer EG, Stienen MN, Serra C, Regli L. Enhanced Recovery After Surgery strat-

egies for elective craniotomy: a systematic review. J Neurosurg. 2021;135:1857–1881. 

DOI: 10.3171/2020.10.JNS203160.

34. Fiani B, Griepp DW, Kurien L, Adukuzhiyil J, Moawad CM, Lee J, Prasad M. 

The evolving neurosurgical perspective on Enhanced Recovery After Surgery 

(ERAS): a systematic review. J Neurosurg Sci. 2022;66:391–398. DOI: 10.23736/

S0390-5616.21.05373-X.

35. Kulikov AS, Lubnin AY. Fast track concept in modern neuroanesthesiol-

ogy. Russian Journal of Anesthesiology and Reanimatology. 2016;61(2):130–137. 

DOI: 10.18821/0201-7563-2016-61-2-130-137.

36. Fletcher ND, Shourbaji N, Mitchell PM, Oswald TS, Devito DP, Bruce RW. 

Clinical and economic implications of early discharge following posterior spinal fusion 

for adolescent idiopathic scoliosis. J Child Orthop. 2014;8:257–263. DOI: 10.1007/

s11832-014-0587-y.

37. Zatevakhin II, Pasechnik IN, Achkasov SI, Gubaidullin RR, Lyadov KV, 

Protsenko DN, Shelygin YuA, Tsitsiashvili MSh. Clinical guidelines on imple-

mentation of enhanced-recoveryafter-surgery program for elective colorectal surgery. 

Anesthesiology and Critical Care Medicine. 2016;12(129 part 1):8–21.

38. Pennington Z, Cottrill E, Lubelski D, Ehresman J, Lehner K, Groves ML, Spon-

seller P, Sciubba DM. Clinical utility of enhanced recovery after surgery pathways 

in pediatric spinal deformity surgery: systematic review of the literature. J Neurosurg 

Pediatr. 2020;27:225–238. DOI: 10.3171/2020.7.PEDS20444.

39. Sanders AE, Andras LM, Sousa T, Kissinger C, Cucchiaro G, Skaggs DL. Accel-

erated discharge protocol for posterior spinal fusion patients with adolescent idio-

pathic scoliosis decreases hospital postoperative charges 22. Spine. 2017;42:92–97. 

DOI: 10.1097/BRS.0000000000001666.

40. Raudenbush BL, Gurd DP, Goodwin RC, Kuivila TE, Ballock RT. Cost analy-

sis of adolescent idiopathic scoliosis surgery: early discharge decreases hospital costs 

much less than intraoperative variables under the control of the surgeon. J Spine Surg. 

2017;3:50–57. DOI: 10.21037/jss.2017.03.11.

41. Rao RR, Hayes MA, Lewis C, Hensinger RN, Farley FA, Li Y, Caird MS. Map-

ping the road to recovery: shorter stays and satisfied patients in posterior spinal fusion. 

J Pediatr Orthop. 2017;37:e536–e542. DOI: 10.1097/BPO.0000000000000773.

42. Muhly WT, Sankar WN, Ryan K, Norton A, Maxwell LG, DiMaggio T, Farrell S, 

Hughes R, Gornitzky A, Keren R, McCloskey JJ, Flynn JM. Rapid recovery 

pathway after spinal fusion for idiopathic scoliosis. Pediatrics. 2016;137:e20151568. 

DOI: 10.1542/peds.2015-1568.

43. Julien-Marsollier F, Michelet D, Assaker R, Doval A, Louisy S, Madre C, 

Simon AL, Ilharreborde B, Brasher C, Dahmani S. Enhanced recovery after 

surgical correction of adolescent idiopathic scoliosis. Paediatr Anaesth. 2020;30: 

1068–1076. DOI: 10.1111/pan.13988.

44. Gornitzky AL, Flynn JM, Muhly WT, Sankar WN. A rapid recovery pathway for 

adolescent idiopathic scoliosis that improves pain control and reduces time to inpa-

tient recovery after posterior spinal fusion. Spine Deform. 2016;4:288–295. DOI: 

10.1016/j.jspd.2016.01.001.

45. Fletcher ND, Murphy JS, Austin TM, Bruce RW Jr, Harris H, Bush P, Yu A, 

Kusumoto H, Schmitz ML, Devito DP, Fabregas JA, Miyanji F. Short term out-

comes of an enhanced recovery after surgery (ERAS) pathway versus a traditional dis-



82
General issue

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(2):73–84 

A.P. Saifullin et al. Enhanced recovery after spine surgery

charge pathway after posterior spinal fusion for adolescent idiopathic scoliosis. Spine 

Deform. 2021;9:1013–1019. DOI: 10.1007/s43390-020-00282-3.

46. Fletcher ND, Andras LM, Lazarus DE, Owen RJ, Geddes BJ, Cao J, Skaggs DL, 

Oswald TS, Bruce RW Jr. Use of a novel pathway for early discharge was associated 

with a 48 % shorter length of stay after posterior spinal fusion for adolescent idiopathic 

scoliosis. J Pediatr Orthop. 2017;37:92–97. DOI: 10.1097/BPO.0000000000000601.

47. DeVries Z, Barrowman N, Smit K, Mervitz D, Moroz P, Tice A, Jarvis JG. Is 

it feasible to implement a rapid recovery pathway for adolescent idiopathic scolio-

sis patients undergoing posterior spinal instrumentation and fusion in a single-pay-

er universal health care system? Spine Deform. 2020;8:1223–1229. DOI: 10.1007/

s43390-020-00146-w.

48. Bellaire LL, Bruce RW Jr, Ward LA, Bowman CA, Fletcher ND. Use of an acceler-

ated discharge pathway in patients with severe cerebral palsy undergoing posterior spi-

nal fusion for neuromuscular scoliosis. Spine Deform. 2019;7:804–811. DOI: 10.1016/j.

jspd.2019.02.002.

49. Shao B, Tariq AA, Goldstein HE, Alexiades NG, Mar KM, Feldstein NA, Ander-

son RCE, Giordano M. Opioid-sparing multimodal analgesia after selective dorsal 

rhizotomy. Hosp Pediatr. 2020;10:84–89. DOI: 10.1542/hpeds.2019-0016.

50. Tong Y, Fernandez L, Bendo JA, Spivak JM. Enhanced recovery after surgery 

trends in adult spine surgery: a systematic review. Int J Spine Surg. 2020;14:623–640. 

DOI:  10.14444/7083.

51. Gadiya AD, Koch JEJ, Patel MS, Shafafy M, Grevitt MP, Quraishi NA. 

Enhanced recovery after surgery (ERAS) in adolescent idiopathic scoliosis (AIS): 

a meta-analysis and systematic review. Spine Deform. 2021;9:893–904. DOI: 10.1007/

s43390-021-00310-w.

52. Corniola MV, Debono B, Joswig H, Lemee JM, Tessitore E. Enhanced recov-

ery after spine surgery: review of the literature. Neurosurg Focus. 2019;46:E2. 

DOI: 10.3171/2019.1.FOCUS18657.

53. Dietz N, Sharma M, Adams S, Alhourani A, Ugiliweneza B, Wang D, Nuno M, Dra-

zin D, Boakye M. Enhanced Recovery After Surgery (ERAS) for spine surgery: a systematic 

review. World Neurosurg. 2019;130:415–426. DOI: 10.1016/j.wneu.2019.06.181.

54. Short HL, Taylor N, Thakore M, Piper K, Baxter K, Heiss KF, Raval MV. A sur-

vey of pediatric surgeons’ practices with enhanced recovery after children’s surgery. 

J Pediatr Surg. 2018;53:418–430. DOI: 10.1016/j.jpedsurg.2017.06.007.

55. Wang MY, Chang HK, Grossman J. Reduced acute care costs with the ERAS® 

minimally invasive transforaminal lumbar interbody fusion compared with con-

ventional minimally invasive transforaminal lumbar interbody fusion. Neurosurgery. 

2018;83:827–834. DOI: 10.1093/neuros/nyx400.

56. Feng C, Zhang Y, Chong F, Yang M, Liu C, Liu L, Huang C, Huang C, Feng X, 

Wang X, Chu T, Zhou Y, Huang B. Establishment and implementation of an 

Enhanced Recovery After Surgery (ERAS) pathway tailored for minimally invasive trans-

foraminal lumbar interbody fusion surgery. World Neurosurg. 2019;129:e317–e323. 

DOI: 10.1016/j.wneu.2019.05.139.

57. Liu B, Liu S, Wang Y, Zhao L, Zheng T, Chen L, Zhang Y, Xue Y, Lu D, Ma T, 

Zhao B, Gao G, Qu Y, He S. Enhanced recovery after intraspinal tumor surgery: 

a single-institutional randomized controlled study. World Neurosurg. 2020;136: 

e542–e552. DOI: 10.1016/j.wneu.2020.01.067.

58. Angus M, Jackson K, Smurthwaite G, Carrasco R, Mohammad S, Verma R, Sid-

dique I. The implementation of enhanced recovery after surgery (ERAS) in complex 

spinal surgery. J Spine Surg. 2019;5:116–123. DOI: 10.21037/jss.2019.01.07.

59. Debono B, Sabatier P, Boniface G, Bousquet P, Lescure JP, Garnaud V, 

Hamel  O, Lonjon G. Implementation of enhanced recovery after surgery (ERAS) 

protocol for anterior cervical discectomy and fusion: a propensity score-matched 

analysis. Eur Spine J. 2021;30:560–567. DOI: 10.1007/s00586-020-06445-0.

60. Liu B, Liu S, Wang Y, Zhao B, Zhao T, Zhao L, Lv W, Zhang Y, Zheng T, Xue Y, 

Chen L, Chen L, Wu Y, Gao G, Qu Y, He S. Neurosurgical enhanced recovery 

after surgery (ERAS) programme for elective craniotomies: are patients satisfied with 

their experiences? A quantitative and qualitative analysis. BMJ Open. 2019;9:e028706. 

DOI:  10.1136/bmjopen-2018-028706.

Address correspondence to:
Saifullin Aleksandr Petrovich
Privolzhsky Research Medical University Clinic,
10/1 Minin and Pozharsky sq., Nizhny Novgorod, 603005, Russia,
sayfullin-a.p@mail.ru

Received 21.03.2023

Review completed 08.04.2023

Passed for printing 14.04.2023



General issue

83

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(2):73–84 

A.P. Saifullin et al. Enhanced recovery after spine surgery

Aleksandr Petrovich Saifullin, neurosurgeon, postgraduate student of the Department of Neurosurgery of the University Clinic, Privolzhsky Research Medical Univer-

sity, 10/1 Minin and Pozharsky sq., Nizhny Novgorod, 603005, Russia, ORCID: 0000-0003-0108-398X, sayfullin-a.p@mail.ru;

Andrei Evgenyevich Bokov, MD, PhD, Head of the Department of Oncology and Neurosurgery of the Institute of Traumatology and Orthopedics, Head of the De-

partment of Traumatology, Orthopedics and Neurosurgery n.a. M.V. Kolokoltsev, Privolzhsky Research Medical University, 10/1 Minin and Pozharsky sq., Nizhny 

Novgorod, 603005, Russia, ORCID: 0000-0002-5203-0717, andrei_bokov@mail.ru;

Alexandr Yakovlevich Aleinik, MD, PhD, neurosurgeon, Institute of Traumatology and Orthopedics, Privolzhsky Research Medical University, 10/1 Minin and Pozhar-

sky sq., Nizhny Novgorod, 603005, Russia, ORCID: 0000-0002-1761-1022, aaleynik23@gmail.com;

Sergey Gennadyevich Mlyavykh, DMSc, Associate Professor of the Department of Traumatology, Orthopedics and Neurosurgery n.a. M.V. Kolokoltsev, Privolzhsky 

Research Medical University, 10/1 Minin and Pozharsky sq., Nizhny Novgorod, 603005, Russia, ORCID: 0000-0002-6310-4961, serg.mlyavykh@gmail.com.



84
General issue

Khirurgiya  Pozvonochnika (russian Journal of spine surgery) 2023;20(2):73–84 

A.P. Saifullin et al. Enhanced recovery after spine surgery


